Summary. The addition of acetylcholine or histamine (10\m=-\ 7 to 10\m=-\4 m), \g=g\-aminobutyric acid, a dopamine agonist, and melatonin (10\m=-\7 to 10\m=-\5m) did not alter basal or LH-stimulated progesterone production (P>0.05). 
Introduction
At the level of the ovary, the adrenergic agents adrenaline, noradrenaline and isoproterenol have been shown to stimulate cAMP and progesterone production by luteal tissue from the cow (Condon & Black, 1976; Godkin, Black & Duby, 1977; Milvae, Alila & Hansel, 1983) , rat (Hartwood, Richert, Dufau & Catt, 1980; Ratner, Sanborn & Weiss, 1980a; Norjavaara, Selstam & Ahren, 1982) , rabbit (Birnbaumer, Yang, Hunzicker-Dunn, Brockaert & Duran, 1976) , and ewe (Jordan, Caffrey & Niswender, 1978) . In contrast to the stimulatory effects of catecholamines in the aforementioned species, corpora lutea of the mare (Condon, Ganjam & Kenney, 1979) and women (Richardson & Masson, 1980; Casper & Cotterell, 1984) appear to be refractory to stimulation by exogenous adrenergic agonists.
Catecholamines act directly on luteal cells, since fibroblasts and erythrocytes separated from ewe luteal cell suspensions did not produce significant amounts of cAMP in response to adrenaline (Jordan et al., 1978) . Adrenergic agents are thought to induce cAMP and subsequent progesterone production by binding to specific receptors in the luteal cell membrane (Lefkowitz, 1976) . Initial support for this hypothesis is suggested by the finding that propranolol can block the catecholamine-induced increase in luteal cAMP and progesterone production in the cow (Condon & Black, 1976; Godkin et al., 1977) , rat (Hartwood et al., 1980; Norjavaara et al., 1982) and ewe (Jordan et al., 1978) . These results not only suggest specific adrenergic receptors, but also that they are of the ß-adrenergic type. In the rat the ß-adrenergic stimulation of ovarian cAMP and progesterone has been shown to be mediated by ß2-adrenergic receptors (Coleman, Paterson & Somerville, 1979a, b; Ratner, Weiss & Sanborn, 1980b; Adashi & Hsueh, 1981; Norjavaara, Rosberg, Gafvels & Selstam, 1984 Simmons, Caffrey, Phillips, Abel & Niswender (1976) and modified by Pate & Condon (1982) . Cell viability was determined by the trypan blue exclusion method (Tennant, 1964) . Incubations were conducted utilizing 2-5 105 viable cells/culture tube in a final volume of 1 ml Ham's F12 culture medium. Luteal cell suspensions were incubated in a Dubnoff metabolic shaker water bath at 37°C starting with a 15-min preincubation period, after which the cells were centrifuged (800 g, 10 min at 4°C) and the medium discarded. The cells were then resuspended in fresh medium and the appropriate treatment solutions added. After the incubation period of 2 h, cell suspensions were centrifuged and the culture medium was collected and stored (-20°C) for subsequent determination of progesterone concentration.
Progesterone present in the culture medium was quantitated by radioimmunoassay of unextracted samples using antiprogesterone-11-bovine serum albumin (No. 337, Niswender) . This anti¬ serum does not cross-react significantly with any other steroid present in the culture medium (Gibori, Antczak & Rothchild, 1977) . The progesterone tracer used was [l,2-3H]progesterone and was purchased from New England Nuclear (Boston, MA). The sensitivity of the assay, as determined by the lower 95% confidence limit of the maximum binding in the absence of any unlabelled progesterone, was 0-1 ng/ml medium. The intra-assay and interassay coefficients of variability were 5-3% and 13-3% respectively. All standards were assayed in quadruplicate, and all unknowns were assayed in duplicate.
Statistical analysis
Analysis of differences between treatment means was conducted using one-way analysis of variance followed by the Student-Newman-Keuls mean separation procedure.
Results
The effects of some of the biogenic amines on basal progesterone production are presented in Table  1 . Progesterone production was not affected significantly by acetylcholine, histamine, GAB A, dopamine or melatonin over the treatment concentrations tested. Similarly, none of these com¬ pounds had any effect on LH-stimulated progesterone production (P>005, Table 2 ). Terbutaline and salbutamol did not affect the basal or LH-stimulated production of progesterone. LH (100 ng) alone resulted in a large increase in progesterone production (P<001).
The addition of serotonin at concentrations from 10~6 to 10~4M resulted in a dose-dependent stimulation of progesterone production by the luteal cells (P<0-05; Fig. 1 ). Additionally, the 5-HT-induced progesterone response could be blocked by the addition of mianserin (10~5M, P<005). The 5-HT stimulation of progesterone production was significantly less than that observed for LH alone and there was no additive effect of 5-HT combined with LH. Isoproterenol at concentrations from 10~7 to 10~4M also resulted in stimulation of progesterone production (P<005; Fig. 2 isoproterenol, respectively (P >0-05). The effect of various ß-adrenergic receptor antagonists and mianserin upon isoproterenol-stimulated progesterone is presented in Fig. 3 In-vitro studies with human CL slices showed that melatonin stimulated progesterone produc¬ tion in a dose-dependent manner while serotonin and N-acetyl serotonin had no effect on pro¬ gesterone production (MacPhee, Cole & Rice, 1975) . In cultured rat granulosa cells, melatonin has been reported to increase basal and LH-stimulated progesterone production (Fiske, Parker, Ulmer, Ow & Aziz, 1984) .
[3H]Melatonin has been reported to be selectively taken up by the ovaries in the rat and cat in vivo (Wurtman, Axelrod & Potter, 1964) . In male rats melatonin and serotonin have been demonstrated to inhibit the in-vitro biosynthesis of androgens (Peat & Kinson, 1971; Ellis, 1972) . In our studies utilizing dissociated bovine luteal cells, melatonin was unable to alter either basal or LH-stimulated progesterone production.
A possible role for GABA in the regulation of ovarian function has been suggested due to the relatively high concentration of this compound in rat ovarian tissue (Del Rio & Caballero, 1980) . Shaeffer & Hsueh (1982) have reported GABA and glutamate decarboxylase (GAD), the enzyme responsible for GABA synthesis, to be present in whole ovarian homogenates but not in enriched ovarian granulosa cells. Additionally, these authors have demonstrated specific binding sites for GABA in the rat ovary, with the majority of these sites being associated with granulosa cells. The testing of GABA in our short-term incubation system does not support a role for GABA in the regulation of steroidogenesis by the CL of the cow.
To our knowledge, there is only a single report in the literature concerning the effects of acetyl¬ choline on luteal function. In that study, acetylcholine and cabachol (a synthetic cholinergic agent) at concentrations up to 10"4 M did not affect basal or LH-stimulated production of progesterone by human luteal tissue in a short-term (4h) or long-term (10 day) culture system (Casper & Cotterell, 1984) . There are no data concerning the effects of histamine and dopamine on luteal steroidogenesis. However, histamine has been reported to induce the production of cortisol and corticosterone by dissociated adrenal cells of the dog (Hirose, Matsumoto & Aikawa, 1978) . In our studies we have been unable to demonstrate any significant regulatory actions of acetylcholine, histamine or dopamine in controlling luteal steroidogenesis.
The isoproterenol stimulation of progesterone reported in this study is consistent with previous results reported for bovine luteal slices (Condon & Black, 1976; Godkin et ai, 1977) and dissoci¬ ated bovine luteal cells (Milvae et ai, 1983) . Neither terbutaline nor salbutamol, the two ß2-adrenergic agonists used in the present study, significantly affected progesterone production by bovine luteal cells. These results differ from those reported for rat luteal tisue (Ratner et al., 1980b; Norjavaara et al., 1984) and FSH-primed rat granulosa cells (Adashi & Hsueh, 1981) .
Additionally, isoproterenol was reported to stimulate cAMP by rat luteal tissue, and this response could not be blocked by a ß,-or a ß2-adrenergic receptor antagonist, although it could be blocked by propranolol (Ratner et al., 1980b) . Similar results have been found in this study for progesterone production by bovine luteal cells. The isoproterenol stimulation of progesterone production could not be blocked by butoxamine or practolol, but was inhibited by propranolol. The effects of isoproterenol, either alone or in combination with these antagonists, on progesterone production by rat luteal tissue was not reported by Ratner et al. (1980b) . It may be that the ß-adrenergic agon¬ ists and antagonists used in these studies lack the specificity and affinity for ß-adrenergic receptors on bovine luteal cell membranes. In the rat, salbutamol and terbutaline have been shown to be partial agonists and their affinity varies between tissue types (Coleman et ai, 1979a, b; Adashi & Hsueh, 1981; Laszlovszky & Erdo, 1983; Norjavaara et al., 1984) . As suggested by Coleman et al. (1979b) it is also possible that these ß-adrenergic agonists and antagonists are metabolized more readily than isoproterenol or propranolol, thus reducing their biological activity. Since neither ßr nor ß2-adrenergic antagonists blocked the isoproterenol stimulation of progesterone but pro¬ pranolol, an adrenergic antagonist which blocks both receptor subtypes, was able to, these results may suggest a mixed population of ß-adrenergic receptors on luteal cells of the cow.
